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ABSTRACT 

Within the SECCO survey we identihed a candidate stellar counterpart t o the Ultra Compact High 
Velocity Cloud (UCHVC) IIVC274.68-1-74.70-123, that was suggested by | Adams et al.| (|2013|) as a 
possible mini-halo within the Local Group of galaxies. The spectroscopic tollow-up of the brightest 
sources within the candidate reveals the presence of two HII regions whose radial velocity is compatible 
with physical association with the UVHVC. The available data does not allow us to give a definite 
answer on the nature of the newly identified system. A few alternative hypotheses are discussed. 
However, the most likely possibility is that we have found a new faint dwarf galaxy residing in the 
Virgo cluster of galaxies, which we name SECCO 1. Independently of its actual distance, SECCO 1 
displays a ratio of neutral hydrogen mass to V luminosity of Mni/Ly ^ 20, by far the largest among 
local dwarfs. Hence, it appears as a nearly star-less galaxy and it may be an example of the missing 
links between normal dwarfs and the dark mini halos that are predicted to exist in large numbers 
according to the currently accepted cosmological model. 

Subject headings: ISM: HII regions — galaxies: dwarf — galaxies: star formation 


1. INTRODUCTION 


Modern all-sky surveys have revealed that our census 
of dwarf galaxies is significant ly incomplete even w ithin 
the Local Volume (LV, see, e.g.|Koposov et al. 20091. The 
Sloan Digital Sky Survey (SPSS) , the PAndAS, and the 
Pan-STARRS surveys (see, e.g., [Belokurov et al.l|2006 
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McConnachie 2009 Martin et al. 20I3p, among others, 


have signihcantly increased the number of known nearby 
dwarf galax ies, suggesting that m any more remain to be 
discovered (Tollerud et al. 2008). Moreover, the newly 
discovered stellar systems show that actual dwarfs in¬ 
habit a much wider range of parameters space than pre¬ 
vious ly believed (see Willman & Strader 2012 Belokurov 
2013 for recent reviews), h'or instance, the faintest and 


most metal-poor star formi ng galaxies were identified 
only in recent years, Leo T (Irwin et al.||2 007), lying at 
D 400 Kpc with My = —8.0, and Leo P ^Ciovanelli et 
al. 2013), having D ~ 1.7 Mpc and My = —9.4. Leo P, 
m particular, was discovered with a novel approach, i.e. 
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' Based on data acquired using the Large Binocular Telescope 
(LBT). The LBT is an international collaboration among insti¬ 
tutions in the United States, Italy, and Germany. LBT Cor¬ 
poration partners are The University of Arizona on behalf of 
the Arizona university system; Istituto Nazionale di Astrofisica, 
Italy; LBT Beteiligungsgesellschaft, Germany, representing the 
Max-Planck Society, the Astrophysical Institute Potsdam, and 
Heidelberg University; The Ohio State University; and The Re¬ 
search Corporation, on behalf of The University of Notre Dame, 
University of Minnesota and University of Virginia. 


by identifying a stellar counterpart of an Ultra Compact 
High Velocity Cloud (UCH VC) identified by t he AL- 
FALFjApl HI survey (see also Tollerud et al.||2014 for the 
very recent identihcation of two dwarfs in the LV a.s coun¬ 


terparts to compact HI clouds). Along this line, Adams 


et al. (2013 A13 hereafter) selected from the ALFALFA 


database a sample of 59 UCHVCs that they proposed 
as good candidates to be faint (or even star-less) dwarf 
galaxies associated with low-mass dark matter halos in 
the distance range 0.25 Mpc< D <2.0 Mpc. Tr iggered 


by the A13 analys is, we started the SECCO survejp (Bel- 
lazzini et al.|2014 B14 hereafter), aimed at searching tor 


steffar counterparts in the 25 most promising candidate 
mini-halos of the A13 sample. 

Here we present the results of the spectroscopic follow¬ 
up of one candidate stellar counterpart, DI, identified 
in B14 by visual inspection of our deep images. Can¬ 
didate DI appears as an irregular ensemble of partially 
resolved and relatively bright clumps of comp^t sources 
surrounded by some fuzzy light (see Fig, 
just ~ 30" apart from the center of the 
HVC274.68-F74.70-123 (whose angular size is 5' x 4'; note 
that the density profile of the cloud is largely unresolved 
by the adopted beam). In B14 we concluded that the 
available data are consistent with a small dwarf Irregu¬ 
lar aX D > 3.0 Mpc or with a distant group (or cluster) 
of galaxies (B14). To test these alternative hypotheses 


?■ 0 

; Al 


located 
3 source 


^ http://egg.astro.Cornell.edu/alfalfa/ 
^ http://www.bo.astro.it/secco/SECCQ/ 

















































2 


Bellazzini et al. 



Fig. 1. — Deep g (left panel) and r (right panel) images zoomed on candidate Dl. The ellipse on the left panel has a semi-major axis of 
90 px= 20.25" and axis ratio 6/a = 0.78. The half-flux diameters of the associated UCHVC are 4' X 5', much larger than the size of this 
image. In the right panel we have highlighted and labelled the two sources for which we obtained MODSl spectra and the footprint of the 
adopted slit is also superimposed. 


we obtained low resolution spectra of the two brightest 
nearly-point-like sources in the main clump of the can¬ 
didate, labelled as S2 and S3 in Fig- H We anticipate 
that the spectrum and the velocity ofs3 qualihes it as 
a stellar counterpart of the considered UCHVC, and the 
most likely hypothesis is that we have found a new very 
low surface brightness (SB), very star-poor dwarf galaxy 
in the Virgo cluster of galaxies. 


2. OBSERVATIONS, DATA REDUCTIONS AND ANALYSIS 


We obtained long-slit spectra wit h the Multi-Object 
Double Spectrographs 1 (MODSl; jPogge et al.|j2012| 
mounted on the Large Binocular Telescope (LB't; Mt 
Graham, AZ) during the nights of June 16, 17, and 19, 
2O1'0 A total of seven texp = 1800 s exposures were 
acquired with the MODSl red-arm equipped with the 
G670L grism and a slit 1.2" wide. This set-up provides 


a spectral coverage in the range ~ 5000 — 10000 A with 
a spectral resolution R = ^ 1100. The spectra were 

corrected for bias and flat-field, sky-subtracted, wave¬ 
length calibrated, then extracted and combined into flux- 
calibrated summed spectra using the pipeline developed 
at the Italian LBT Spectroscopic Reduction Centc^ The 
targeted sources are very faint (r ~ 23.0) and, conse¬ 
quently, the spectra have low signal-to-noise (typically 
S/N ~ 5 — 10 per pixel, depending on the wavelength), 
still they are useful for our purposes. 

In Fig. we show a portion of the final 2D spectra 
around the rest-frame Hq, wavelength. The stellar con- 
tinua of S2 and S3 are clearly visible. S3 shows an obvi¬ 
ous emission in Hq, and another Hq, emission line, without 
any detectable stellar continuum, is identified ~ 2" above 
(on the opposite side of S2 with respect to S3, along the 
direction of the slit). We rename the main component of 
S3 as S3A and the additional continuum-less component 
S3B (see the labels in Fig. The Ha emission nearly 
at rest-frame clearly rules out the hypothesis that candi¬ 
date Dl is a distant group/cluster of galaxies. The lack 


Within an italian Director Discretionary Time programme. 
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of stellar continuum in S3B is likely the main reason why 
this source cannot be identified in our deep images. How¬ 
ever it is clear both from the images and from the spectra 
that (a) S3A is a complex source, partially resolved and 
with two additional points sources within 2.2" from its 
center (B14), and (b) that the spectra of S3 A and S3B 
contaminate each other, i.e. the two sources partially 
overlap. Inspection of the extracted spectra reveals that 
S2 does not present any spectral feature that can be used 
to classify or obtain an estimate of its radial velocity. In 
the following we will discuss in more detail the spectra 
of the sources S3A and S3B. 

In Fig. [^,c we show a portion of the ID spectra of 
S3A and S3B, with the identified spectral lines in emis¬ 
sion highlighted and labelled; from left to right [OHIJsoot, 


SH]6730- The line ratios of 
11) are consistent with those 


Ha, [NH]6584, [SH]6717, and 
both S3A and S3B (see Table 
of extragalactic HII regions "pCniazev et al. 2008|), and 
not compatible with shocked gas (e.g., supernova rem¬ 
nants). While the [SH/Ha] and [SH](6717/6731) ratios 
of S3B lie (formally) in the range typical of Planetary 
Nebulae (PN), they are still compatible with HII regions 
if the errors are taken into account. On the other hand 
S3A falls on the HII regions loci in all the diagnostic 
diagrams. The close spatial and kinematic association 
strongly suggest that S3A and S3B are probably bright 
knots within an extended HII complex with different 
levels of excitation and displaying variations in the line 


ratios, like, e. 

the giant HII region NGG 595 in M 33 

(Relafio et al. 

2010 

1. 

N and spectral resolution of our spec- 

Given the low b/ 


tra, as well as the paucity of spectral features, we es¬ 
timate the radial velocity in different ways, using origi¬ 
nal or smoothed (with a 5 px wide boxcar filter) spec¬ 
tra, including and excluding one or more lines from the 
analysis, and in all cases we obtain consistent results. 
Our final best-estimate of the heliocentric radial veloc¬ 
ity (14 in the following) of S3A is obtained by cross¬ 
correlation of the smoothed spectrum with a synthetic 
flat spectrum with four gaussians of the proper width 
added at the rest-frame wavelength of the four lines idem 















HII regions within a compact high velocity cloud. 


3 




5000 6100 

X[k] 



6500 6600 6700 

A[A] 


Fig. 2.— Panel (a): A portion of the combined 2D spectra around 
the wavelength of rest-frame Ha • The spectra are labelled after the 
associated sources. Note the lack of stellar continuum for S3B. Neg¬ 
ative spectra footprints (dark features) are artefacts of the process 
of sky subtraction on stacked spectra. Panels (b) and (c): Remark¬ 
able portions of 1-D spectra of S3 A (b) and S3B (c). The spectra 
have been smoothed with a boxcar filter of size 5 px. The emis¬ 
sion lines that have been identified are labelled. Thin vertical lines 
marks the rest-frame wavelength of the lines, for reference. 

tified in the right panel of Fig. [2f. In this way we get 
Vh = — 77 ± 42 km s“^. The attached error bar takes 
into account both statistic and systematic uncertainties 
affecting our estimate, including significant uncertainties 
in the velocity zero point (VZP). Unfortunately, the low 
S/N of our spectra prevented the possibility to correct 
the VZP using telluric features. Since we placed the in¬ 
tensity peak of S3A (as identified in B14) at the cen¬ 
ter of the slit, the error on the VZP due to imperfect 
alignment should be limited to ±0.5 px, corresponding 
to ±40 km s“^, by far the dominant source of uncer¬ 
tainty. On the other hand we had no previous knowl¬ 
edge of the position of S3B and its luminosity peak can 
be misaligned with respect to the slit center by as much 
as ~ 4.9 px, corresponding to systematics in 14 up to 
^ 200 km s“^; we adopt half of this value as a rough es¬ 
timate of the 1(7 error on the velocity of S3B. Using only 
Ha, de-blended from the contamination by S3A, we find 
Vh = —260 ± 100 km s“^ from the smoothed spectra of 
S3B. 

Given their proximity in the sky 2") and in ve¬ 
locity, it seems exceedingly unlikely that S3A and S3B 
are not physically associated. Hence the velocity of S3B 


is probably affected by a significant mis-centering bias 
and, consequently, we adopt the velocity of S3A as the 
systemic velocity of the two sources. This velocity is 
compatible with the velocity of the associated UCHVC 
(14 = —128 ± 6 km s“^, from A13), implying that at the 
center of HVC274.68+74-70-123 there is indeed a stellar 
counterpart, with ongoing star formation. This conclu¬ 
sion is also supported by the fact that the stellar clump 
including S2 and S3, as well as another stellar blob as¬ 
sociated with candidate D1 a few arcsec to the South of 
S3, are also detected in NUV images from the Galaxy 
Evolution Explorer (GALEX) mission, and measured as 
a single source with NUVmag = 20.84 ± 0.10. Unfortu¬ 
nately, no FUV images of D1 are available. 

With the information available in the spectra, we can 
attempt to estimate some physical and chemical proper¬ 
ties of the two regions. From the ratio [SII]6717/[SII]6730 
we obtain an electron density ~ 1100 cm“^ for S3A 
(assuming an electron temperature 10000 K). From the 
line ratio N2=log([NII]6584/Hc)=—0.52±0.06, computed 
from the cumulative spectrum (S3A±S3B), we obtain a 
rough estimate of the average metallicity of the whole 
HI I complex. Us i ng th e calibration for HII regions 
by Pettini & Pagel (20041 we find an oxygen abundance 
12±iog(U/H)=8.6 ± 0.5, larger than the typical val ues 
found in HII regions of local dwarfs (Lee et aL||2003 ). 


3. A CLOUD IN THE GALACTIC HALO? 

If S3A is a genuine HII region, the possibility that it 
belongs to our own Galaxy seems highly unlikely. Assum¬ 
ing that the most compact HII regions with the el ectron 
density of S3 A (s ee below) have diameters > 1 pc (Hunt 


& Hirashita 2009| , and adopting, very conservatively, the 
observed h'WHM (~ 1.1" on the r images, where the stel¬ 
lar Point Spread Function has FWHM~ 0.95") as the 
angular size of the region, it turns out that S3A must 
lie at least a,t D > 200 kpc from us {D > 100 kpc if 
we consider the separation between S3A and S3B as the 
typical size of the complex). Moreover, Galactic star 
forming regions should lie in the Galactic disc, while the 
direction to HVG274.68±74.70-123 is nearly perpendicu¬ 
lar to it and its velocity is completely incompatible with 
the disc. The hypothesis of a HVG located in the outer 
Galactic halo {D > 100 kpc) and including a star form¬ 
ing region appears similarly unlikely, since the cases of 
Galactic HVGs with an as sociated stellar component are 


exceedingly rare, if any ( [Ivezic fc Ghristodoulou||1997 
Stark et alT]|2015 1. 


There is another possibility that may be considered. 
HVGs ar e known to host ion ized gas, in addition to HI 
(see, e.g., Putman et al.|2003 and references therein). It 
can be conceived that a relatively nearby HVG, partially 
ionised by radiation from massive stars in the Galactic 
disc, can be closely aligned along the line of sight, by 
chance, with background unrelated sources identified as 
candidate Dl. In this case the emission lines we see in 
the spectra of S3A and B would not be associated with 
these sources but with the cloud, and would be superim¬ 
posed on the featureless stellar continuum of the back¬ 
ground sources. The main argument against this scenario 
is that emission lines are not seen superimposed on the 
continuum of S2, lying just ~ 3.5" apart from S3A, while 
Hq, emission in HVGs is observed over scal es comparable 
with the dimension of the clouds (see, e.g. Haffner et al.j 
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20011. We note that no other rest-frame Hq, emission is 
detected along the 5.0' long MODS slit, in our spectra, 
suggesting that the observed emission lines are indeed 
associated with the S3 stellar source. Moreover, HVCs 
display typical fluxes of 0.1 Rayleigh and g enerally 
lower than ~ 0.4 Rayleigh (Putman et al. 2003), while, 
assuming an area of 1 arcsec^ for S3A and B, their Hq 
fluxes are ~ 3.3 Rayleigh and ~ 1.5 Rayleigh, i.e. a 
factor from ~ 3 to > 10 larger than this. 

The case for a Galactic HVC (associated to or simply 
aligned with S3A and B), as unlikely as it may appear, 
would provide a natural explanation (a) for the radial 
velocity of the system, that is clearly incompatible with 
the Hubble flow, and (b) for the derived N2 value, that 
is fully compatib le with those observed in HVCs ( Put- 
man et al. 2003), while, in the hypothesis of a dwarf 
galaxy (explored in the next section) it would imply an 
exceedingly high metallicity for the estimated optical lu¬ 
minosity. 

4. A NEARLY STAR-LESS DWARF GALAXY? 

Let us now consider the hypothesis that we have dis¬ 
covered a new faint dwarf galaxy, where a few clumps 
of star forming regions are enclosed within a (compar¬ 
atively) huge HI cloud. We preliminarily name it 
SECCO 1, after the name of the survey. Since there 
is no detectable smooth distribution of light around the 
clumps, to get an estimate of the integrated magnitude 
and of the half-light radius we recur to simple aperture 
photometry, taking the ellipse plotted in the left panel of 
Fig.[T] as the tentative outer limit of the stellar system. 
The results are reported in Tab. The integrated color, 
{g — r)o = 0.27, is typical of a star-forming galaxy (see 
Table [T). Unfortunately we have only broad constraints 
on the aistance. The fact that we do not resolve RGB 
stars implies that D > 3 Mpc (see B14), if an old popula¬ 
tion is there. In any case, the system is not participating 
into the Hubble Fl ow, since for D > 3 Mpc this implies 
Vh ^ -1-150 km s“^(McConnachie 2012 MC12 hereafter). 

Adopting distances lii tlie range 3.0 Mpc< 
D <16.5 Mpc (the latter value corresponding to 


the distance of the Virgo cluster, |Mei et al.| [2007 ) 
we can derive several physical characteristics ot the 
stellar and gaseous body of SEGGO ][^ In this dis¬ 
tance interval, the system nicely fits into the observed 
My — Th and My — g-y relations for local dwarf 
galaxies shown by MG12 (see Fig. ,b). The relevant 
quantities span the ranges —7.6 < My < —11.3, 
160 pc< ri, <880 pc, lO®'^ M© < Mhi < IO^'^Mq, and 
lO® '^ Mq < Mdyn < 10^-^ Mq. For D < 16.5 Mpc the 
Star Format ion Rate, estimate d from the H^ luminosity 
according to Kennicutt (1998), is < 6.1 x 10“® Mq yr“^, 
among the lowe st rates recorded in local star-forming 
dwarfs (see, e.g., James et al.||2014 ). 

Within this framework we see only two reasonable hy¬ 
potheses for the location of SEGGO 1. 

1. SECCO 1 is a very low luminosity, low SB ana¬ 
log of t he low-mass iso l ated s tar forming galaxies stud¬ 
ied by Cannon et al. ([2011 ). These lie in the dis¬ 
tance range 3.2 iVlpc< D <18.7 Mpc and are associated 

® HI properties and dynamical mass are derived from Eqs. 7, 8, 
and 9 of A13; note that the dynamical mass is estimated from the 
HI velocity width, hence it is very uncertain 
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Fig. 3.— The range in various physical parameters spanned by 
SECCO 1, depending on the assumed distance (from D=3.0 Mpc 
to D=16.5 Mpc, grey bars), is compared with the distribution of 
dwarf galaxies in the LV from the MC12 catalog (black dots). The 
grey lines in panels c and d enclose the ±1(7 error interval in [Fe/H] 
and Mhi /Ly ^ respectively. 


with A LFALFA small clouds listed by [Giovanelli et al.j 
(2007) which have stellar counterparts that are visible 
in SUSS images. HVC274.68-1-74.70-123 corresponds to 
AGC226067 in the Giovanelli et al. (2007) catalog, where 
it is commented with the note “iNo identifiable optical 
counterpart”. Indeed SEGGO 1 is barely visible even in 
our images, more than 4 mag deeper than SDSS. Hence it 
would represent an ext remely dark member of this pop¬ 
ulation. Still, all of the Gannon et al. (2011) galaxies are 
more or less compatible with being participants in the 
local Hubble Flow, while SEGGO 1 is not. 

2. SEGGO 1 is a very low luminosity, low SB member 
of the Virgo cluster. Indeed, it lies at just 2.44° from 
the center of the cluster and has a velocity well within 
the range spanned by cluster memb ers (that reaches 
Vh < —600 km s“^, Girardi et al.|l993 ). This hypothesis 
also implies the lowest (and most reasonable) total mass 
to light ratio for the system, Mdyn/Ly ~ 470, and the 
highest baryon fraction, fh = 0.046. 

Hypothesis 2 appears as the more natural explanation 
of the available observational material. Still, accordin g to 
the stellar mass - metallicity relation for galaxies by|El-| 


lison et al. (2008), the metallicity we obtain from N2 im¬ 
plies a stellar mass of about 10® — 10® Mq for SEGGO 1, 
which appears incompatible with the estimates from the 
integrated magnitude, independently of the assumed dis¬ 
tance (M* < 10®-® Mq, adopting M/Ly = 1.0). However 
the Icr lower limit of our [Fe/H] estimate is marginally 
compatible with the My - [Fe/H] relation for LV dwarfs 
by MG12, ifjt is assumed that SECCO 1 lies in Virgo 
(see Fig. 

^ The size, the integrated magnitude, the line ratios and the 
metallicity of SECCO 1, if located in Virgo, are also compatible 
with those of “fireballs”, star-forming knots of gas ram-pressure- 
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The final word on the nature of SECCO 1 can be ob¬ 
tained only with Hubble Space Telescope observations, 
that would allow one to resolve RGB stars (if a ny) even 
at the dis tance of Virgo in such a low SB system (fjang fc 


Lee 2014). High spatial resolution HI observations and 


Hq, imaging may also provide very useful insight. 

If SECCO 1 is indeed a dwarf galaxy, it would be an 
extremely gas-dominated and star-poor one, akin t o the 
isolated “almost dark” dwarf galaxies discussed by |Can- 


non et al. 


(2014). Independent of the assumed distance, 
its Mhi/Lv (and Mhi/L^) ratio, in solar units, is > 20, 
much l arger than in the dwa rfs listed by MC12 (Fig. 1^) 
and by Cannon et al. (2011), that have Mh t/Lv <10. 
System^ with Mur/i^v ^0 are quite rare (|Maddox~et 


ar]|2014 Cannon et al.|[20T4) and may constitute the tip 


of the iceberg of a population of completely dark mini¬ 
haloes that is predicted to exist by the A-CDM cosmo¬ 
logical model ( Ricotti|[2009 Sawala et al. [2013 ). 
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stripped from dwarf galaxies w ithin galaxy clusters (see|Yoshida et| 
|al||2012| |Fumagalli et al.||2011|l. However, the lack of any obvious 
parent galaxy, the much lower star formation rate, and the large 


size of the associated UCHVC militates against the possibility of 
SECCO 1 being a left-over fireball. 
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TABLE 1 

Spectroscopic targets observed with MODSl 



S2 

S3A 

S3B 

units 

K,Aj2000 

12:21:54.4 

12:21:54.2 


hh:mm:ss 

Decj2000 

+13:27:42.6 

+13:27:41.6 


dd:mm:ss 

90 

24.12 ± 0.07 

23.63 ± 0.06“ 


mag 

ro 

23.07 + 0.04 

23.07 + 0.05“ 


mag 

Vh 


-77 + 42 

-260+ lOO*” 

km s“^ 

[OIII] flux 


2.0+ 1.0 X 10-1® 

11.0+ 1.0 X 10-1® 

erg cm~^ s“^ 

Ha flux 


19.0+ 1.0 X 10-1® 

8.5 + 1 X 10-1® 

erg cm~^ s“^ 

[Nil] flux 


6.0 + 1 X 10-1® 

< 2.3 + 1.4 X 10-1®“ 

erg cm~^ s“^ 

[S//]6717 flux 


2.7 + 1 X 10-1® 

< 0.3 + 1.4 X 10-1®“ 

erg cm~^ s“^ 

[5//i6730 flux 


2.9 + 1 X 10-1® 

< 0.4 + 1.4 X 10-1®“ 

erg cm~^ s“^ 


Note. — All data from B14 except for the heliocentric radial 
velocity and the line fluxes. “ To account for the complex and 
extended nature of S3A we have also performed aperture photom¬ 
etry with aperture radius of 10 px, finding g = 22.57 ± 0.06 and 
r = 22.37 di 0.05, and, consequently, (g — r)Q = 0.20 di 0.08. ^ See 
text for discussion on velocity uncertainties. 

Upper limits derived by subtracting S3A fluxes from those ob¬ 
tained from the combined S3A-hS3B spectrum. 


TABLE 2 

Properties of SECCO 1. 


i^Aj2000 

12:21:54 

Decj 2000 

+13:27:36 

1 

274.680° 

b 

74.688° 

Qint 

20.1 + 0.2 

'^int 

19.8 + 0.2 

E(B-V) 

0.048 

Vint 

19.9 + 0.2 

rh 

~ 11" 

+e,V 

~ 27.0 mag arcs 

Vh 

-128 + 6 km 


Note. — Coordinates and E(B-V) from B14. Vh is from A13. 
g^e,v is the mean V-band SB within the half-light radius. 






